Consequently, the neuroradiological findings of computerized tomography (CT), magnetic resonance (MR) imaging, and cerebral angiography have not been studied in detail for patients with this lesion. Moreover, among the 31 patients, only 21 underwent surgical treatment (except for shunt placement). 2, 3, 7, 13, 15, 17, 21, [24] [25] [26] [27] [28] [29] 34, 43, 46, 50, 53 Because little opportunity occurs for surgical treatment of patients with this lesion, satisfactory operative results remain difficult to obtain.
gait disturbance, and one reported urinary incontinence. Papilledema was noted in two patients, ataxic gait in three, and homonymous hemianopsia, hemiparesis, and paraparesis in one patient each. Upward-gaze palsy was seen in one patient and hydrocephalus in three. Two patients had no neurological deficits. The average length of illness before admission was 5.4 months (range 1 to 18 months). The clinical summary of those seven patients appears in Table 1 .
Neuroimaging Studies
The lesions in all patients were evaluated using CT, MR imaging, and stereoscopic cerebral angiography. Both nonenhanced and contrast-enhanced CT scans were obtained in all cases. Magnetic resonance imaging was performed with superconducting magnet systems using spin-echo sequences (T 1 -weighted images: TR 450-500 msec, TE 15-25 msec; T 2 -weighted images: TR 2000-2500 msec, TE 90-100 msec). All patients underwent T 1 -weighted imaging; T 2 -weighted images were obtained in six. Gadolinium-diethylenetriamine pentaacetic acid (DTPA) was injected at a dose of 0.1 mmol/kg for contrast enhancement of MR images for all tumors. Stereoscopic cerebral angiography included injection of bilateral internal and external carotid arteries and the vertebral arteries.
Computerized Tomography Findings
Nonenhanced CT showed an oval or round homogeneous mass with smooth contours. The signal was isodense in four patients and slightly hyperdense in three.
Each tumor was markedly enhanced by contrast material, homogeneously in six patients and heterogeneously in one. Low density did not appear around the tumors to indicate edema of the white matter.
Magnetic Resonance Imaging Findings
Magnetic resonance imaging revealed a smooth, round or oval mass in all patients (Fig. 1) . Three of the tumors were homogeneous and four were mottled or heterogeneous. On T 1 -weighted images, four tumors were isointense ( Fig. 1 upper left) and three were slightly hypointense to the brain parenchyma. On T 2 -weighted images, five lesions were slightly hyperintense ( Fig. 1 upper right) and one showed mixed intensity, including slight hyper-and hypointensity. All tumors had a clear peritumoral rim that was hypointense on T 1 -weighted images and hypo-or hyperintense on T 2 -weighted images. On T 2 -weighted images, no patient exhibited hyperintense areas indicating brain edema ( Fig. 1 upper right) . All of the tumors were markedly enhanced with the administration of gadolinium-DTPA ( Fig. 1 lower left) , showing homogeneity in four patients and slight heterogeneity in three. The dura mater indicating the falx and the cerebellar tentorium adjacent to the tumor was thickened and enhanced in four patients ( Fig. 1 lower right) . A summary of MR images is presented in Table 2 .
Based on sagittal MR images, we classified the direction of tumor extension into the following four types (Fig.  2 lower) : anterior (anterior extension between the inferior sagittal sinus and the great vein of Galen); inferior (inferi-or extension between the great vein of Galen and the straight sinus); posterior (posterior extension along the straight sinus); and superior (superior extension above the cerebellar tentorium). The inferior type was seen in four patients (Cases 3 to 6) ( Fig. 2 upper left) , the anterior type in two (Cases 2 and 7) (Fig. 2 upper center) and the posterior type in one (Case 1) (Fig. 2 upper right) . We defined two more types based on the axial MR images: a central tumor that grew symmetrically along the midline and a lateral tumor that grew asymmetrically. According to this classification, five of the tumors were central and two were lateral.
Stereoscopic Cerebral Angiography Findings
The feeding arteries, appearance of tumor stain, and displacement of vessels in our seven patients are summarized in Table 3 .
Feeding Arteries. The tumors in four patients were fed by the enlarged tentorial artery (Fig. 3 left) . Two tumors were supplied by the external carotid artery through the meningeal branch of the occipital artery and the posterior meningeal branch of the ascending pharyngeal artery. In five tumors, the medial and lateral posterior choroidal arteries branching from the posterior cerebral artery were dilated (Fig. 3 center) . In all of the patients, abnormal small feeding vessels were seen branching from the ambient, quadrigeminal, and interhemispheric portions of the posterior cerebral artery (Fig. 3 center) . The artery of Davidoff and Schechter was enlarged and fed tumors in two patients (Fig. 3 right) . The pericallosal artery supplied one tumor. In every patient, the superior cerebellar arteries gave off many abnormal small branches that supplied the tumors (Fig. 3 center) . The meningeal branches of the vertebral arteries also fed the tumors in two patients.
Tumor Stain. Five tumors were stained faintly and homogeneously during the late arterial phase of the angiogram. One was homogeneous and vascular rich and one showed heterogeneity and increased vascularity. The margins of all the tumors were relatively distinct.
Displacement of Vessels. In six patients, the posterior cerebral arteries were splayed in the quadrigeminal cistern on the anteroposterior view of the angiogram (Fig. 3  right) . The posterior cerebral and superior cerebellar arteries were separated in all patients, the former raised or unchanged and the latter lowered. The posterior choroidal The dura mater of the falx (arrow) and the cerebellar tentorium (arrowheads) adjacent to the tumor is thickened and enhanced by gadolinium-DTPA.
arteries were displaced anteroinferiorly in four tumors of the anterior and inferior types. Four patients showed displacement of the deep venous system. The great vein of Galen and the internal cerebral vein were displaced inferiorly in the anterior tumor (Fig. 4 left) and superiorly in the inferior type (Fig. 4 right) . The superior vermian and hemispheric veins were displaced downward in the inferior and posterior types of tumor. Table 4 summarizes the venous system aspects in our seven patients. The straight sinus and the posterior half of the great vein of Galen were occluded or severely stenosed in three patients, representing an inferior, an anterior, and a posterior tumor. The posterior half of the internal cerebral vein, the great vein of Galen, and the anterior half of the straight sinus were occluded in one inferior tumor and the straight sinus alone in one anterior and the great vein of Galen alone in one inferior tumor. One patient with an inferior tumor had no occlusion of any veins. Furthermore, none of the patients had occlusion of the basal vein of Rosenthal.
Occlusion of the Deep Venous System and Development of Collateral Venous Channels.
Several types of collateral venous channels developed as a result of the occlusions of the galenic system ( (Fig. 5D ). Types 1, 2, and 3 were seen in most patients. Type 4 appeared in two patients and Type 5 in one.
Veins Draining the Tumors. Three types of veins drained the tumors in our patients (Table 4) . Type 1 drained the superoposterior aspect to the superior sagittal sinus through the veins on the medial surface of the parietal and occipital lobes (Fig. 5B ). Type 2 drained the posteroinferior aspect to the straight or transverse sinus through the veins of the posterior fossa (Fig. 5C ). Type 3 drained the anterior aspect of the tumor to the posterior part of the internal cerebral vein or the anterior part of the great vein of Galen.
Surgical Approach
The surgical approach used to remove the meningiomas in these patients is listed in Table 1 . We preferred the right occipital transtentorial approach for our patients, and added a transfalcian avenue in six. For this approach, the patient was positioned prone with the neck flexed and the torso elevated about 20˚ after the placement of spinal drainage. A unilateral skin incision was made in the right occipital region and an occipital quadrigeminal bone flap was fashioned beyond the superior sagittal sinus 1 cm to the left side. An X-shaped dural incision was based upon the superior sagittal sinus and the transverse sinus. The craniotomy and the dural opening were carried to the level of the midline to give the surgeon maximum visualization of the operative field. The right occipital pole was gently elevated, beginning at the medial posterior aspect, and was retracted superiorly and laterally. The right superior surface of the cerebellar tentorium and the anterior part of the tumor could be seen in the operative field. The cerebellar tentorium often bulged and was hyperemic. A wide incision was made on the right cerebellar tentorium along the straight sinus and the tumor margin, and the cerebellar tentorium of this area was separated from the tumor and resected. Then, a large window in the posterior part of the falx was created, through which the superior surface of the left cerebellar tentorium could be seen after slight retraction of the medial surface of the left occipital lobe. Part of the left cerebellar tentorium covering the tumor was then incised (Fig. 6) , allowing a wider operative view.
During surgery, thorough coagulation of the dura mater cut off the tumor's blood supply through the dural vessels. Thus, the tumor could be removed completely from both the right and left sides through the window of the falx.
Before removing the tumor, we carefully identified the great vein of Galen, the internal cerebral vein, the basal vein of Rosenthal (usually on the right), the developed collateral venous channels, and the veins draining the tumor. These veins were kept in direct view at all times to avoid injuring them. When the straight sinus was patent, it was kept intact. If the sinus was occluded, however, it was resected to allow the tumor to be removed easily.
The volume of the tumor was decreased intracapsularly with a piecemeal resection after the feeding arteries were coagulated and cut. Attached and compressed veins were separated from the tumor's surface after its volume was decreased. The galenic system was not injured in any of our patients. Three patients underwent two-stage operations because of brain swelling (Cases 2 and 5) or acute epidural hematoma during surgery (Case 3). Macroscopically, total tumor removal was performed with resection or thorough coagulation of the dural attachment of the tumor in all patients; however, a small piece of the tumor capsule was left in one patient (Case 5) because it was tightly attached to the great vein of Galen. Histological examination showed a transitional tumor in four patients, an angioblastic type in two, and a malignant meningioma in one.
Operative Results and Outcome
No operative mortality occurred in our series, and all the patients' complaints and neurological deficits at the time of admission resolved after surgery (Table 1) . However, four patients (Cases 2, 4, 5, and 6) showed transient left homonymous hemianopsia, which resolved over several weeks. Transient upward-gaze palsy developed in one patient (Case 6). In one patient (Case 3), left hemiparesis and homonymous hemianopsia persisted because of an epidural hematoma that occurred during surgery. Ventriculoperitoneal shunts were placed in two patients after surgery. None of the tumors recurred during follow-up periods averaging 31.4 months (range 2 to 53 months).
Discussion
Including the seven patients described here, 38 cases of falcotentorial junction meningiomas have been reported in the literature.
Clinical Features
The average age of the 38 patients at the time of admission was 50 years (range 19 to 77 years). This average is slightly higher than the 44.4 years of patients reported to have posterior fossa meningiomas 8, 9 and similar to the 52.9 years of patients with meningiomas at all locations. 22 Of the 38 patients, 28 were female and 10 were male. Like other meningiomas, those of the falcotentorial junction show a predominance in females. 8, 9, 22, 29 The average duration of symptoms before admission reported in the literature was 37.2 months (range 2 weeks 13,26 to 14 years 7, 34 ). That of our patients was 5.4 months (range 1 to 18 months). This discrepancy may result from the advances in diagnostic techniques such as MR imaging. The most common symptom or sign was headache (73.7% of patients), followed by gait disturbance (50%), papilledema (39.5%), mental deterioration (36.8%), visual impairment (31.6%) and motor weakness (23.7%) ( Table 5 ). Piatt and Campbell 29 described similar results based on their review of "pineal region" meningiomas: headache in 80% of patients, mental deterioration and personality changes in 37%, visual impairment in 37%, and papilledema in 57%. Ataxic gait is a common result of an inferior extension of the tumor. 32 In our series, three of the patients with inferior extensions had ataxic gait. Upward-gaze palsy was noted in only two of the total 38 patients (5.3%). 28 In contrast, this phenomenon occurs frequently in patients with other tumors of the pineal region. 29, 42 The infrequency of upward-gaze palsy may help to distinguish meningiomas arising from the falcotentorial junction from other pineal region tumors. Although the infrequency of upward-gaze palsy is unexplained, one reason may be that less compression and destruction of the periaqueduct and the posterior part of the third ventricle occur in this lesion because the tumor mainly exists in the cistern and grows slowly.
Computerized Tomography Findings
The CT findings of falcotentorial junction meningiomas have been reported in 11 patients. 2, [24] [25] [26] [27] 29, 43, 46, 50 Most of these tumors appear as a slightly hyperdense mass on plain CT and a markedly and homogeneously enhanced mass with a clear margin on contrast-enhanced CT. In our patients, the tumors showed the same appearance as those reported in the literature. It was characteristic of these lesions that there was no low-density area surrounding the tumor indicating edema of white matter.
Magnetic Resonance Imaging Findings
The literature contains no detailed descriptions of MR imaging findings in this lesion. The tumors were hypo-or isointense on T 1 -weighted images and hyperintense on T 2 -weighted images in most of our cases. However, the degree of contrast to brain parenchyma was slight, perhaps because of the shorter relaxation times meningiomas have on T 1 -and T 2 -weighted images. 4, 23, 52 Three of the seven tumors in our series showed a homogeneous signal intensity; the other four showed heterogeneity. Those showing homogeneity were all transitional meningiomas, whereas those showing heterogeneity included two angioblastic, one malignant, and one transitional tumor. Although no relationship exists between the pathological tumor type and signal intensity, 40 three-quarters of the tumors showing heterogeneous signal intensity were angioblastic or malignant, with rich vascularity. Increased vascularity may have the most influence on the heterogeneity of signal intensity in meningiomas. 40, 51 A peritumoral rim is believed to be seen in half of intracranial meningiomas; 40, 51 in contrast, all of the tumors in our series were clearly separated from the adjacent structures by a peritumoral rim. Meningiomas arising from the falcotentorial junction extend into neighboring cisterns containing cerebrospinal fluid (CSF) and vessels. Consequently, the peritumoral rim may have been produced by CSF or vessels located between the tumor and the adjacent structures.
In contrast to meningiomas at other sites, the tumors in our series showed no surrounding edema of the white matter, either on CT scans or on T 2 -weighted MR images. Many factors such as clinical course and tumor site, size, shape, growth, and histological type are believed to determine production of edema in meningiomas. 11, 39, 41 Because those arising from the falcotentorial junction develop into the adjacent cisterns and grow slowly, it is possible that little brain tissue is destroyed, little damage is done to the blood-brain barrier, and little venous compression occurs.
Because gadolinium-DTPA markedly shortens the relaxation time on T 1 -weighted imaging of meningiomas, 6 this lesion is clearly and markedly enhanced. Dural enhancement was seen in four of our patients. This enhancement may indicate pathological changes, including dural invasion by tumor cells, 48 increased vascularity and congested veins, 11, 45 and a larger extracellular space in the dura mater. 12 This phenomenon, however, is not specific to this lesion. The multiplanar imaging capability of MR imaging allows better evaluation of this lesion and adjacent structures than on CT scans.
Cerebral Angiography Findings
The angiographic findings of this lesion have been reported in 18 patients, 1, 2, 7, 13, 21, [24] [25] [26] [27] [28] 43, 46, 50, 53 and are summarized in Table 6 .
Feeding Arteries. The tentorial artery (the so-called Bernasconi and Cassinari's artery 5 ) fed four tumors in our series and six described in the literature. 24, 27, 28, 46, 50 Blood supply from meningeal branches of the external carotid artery is low. 25, 27, 28 The medial and lateral posterior choroidal arteries 24, 25, 53 and abnormal small branches from the posterior cerebral artery 1,2,26 often supply the tumor. Although the artery of Davidoff and Schechter 49 has not previously been reported to supply the tumor, it clearly fed the tumor in two of our patients. The posterior pericallosal artery may supply tumors with superior extension. 26 The tumor is also fed by small abnormal vessels arising from the superior vermian and hemispheric branches of the superior cerebellar artery. 1, 28 Meningeal branches of the vertebral artery 13 and the posterior inferior cerebellar artery 28 have also been reported as feeding arteries.
Displacement of Vessels. Splaying of the posterior cerebral arteries in the ambient and quadrigeminal cisterns in the anteroposterior view and an increased distance between the posterior cerebral arteries and the superior cerebellar arteries in the lateral view are most frequently observed in the arterial phase of angiography. 7, 28, 36 Because falcotentorial junction meningiomas usually grow into the quadrigeminal cistern, the posterior cerebral arteries are often widely separated in this area. Separation of the posterior cerebral and superior cerebellar arteries means that the tumor develops supra-and subtentorially. 28, 29 The posterior choroidal arteries, especially the medial posterior choroidal arteries, are generally compressed anteroinferiorly as was seen in our patients. On the other hand, they are displaced posterosuperiorly in patients with tumors of the pineal region. 7, 13, 19 This discrepancy in the direction of the displacement of the posterior choroidal arteries seems to be important in distinguishing pineal tumors from those of the falcotentorial junction.
Displacement of the internal cerebral vein and the great vein of Galen during the venous phase is important, but only six instances of this have been reported in the literature. 13, 21, 25, 26, 43, 50 These vessels were displaced superiorly in three patients 13, 26, 50 and anteriorly, 21 anteroinferiorly, 25 and inferiorly 43 in one patient each. In our series, they were compressed inferiorly by tumors extending anteriorly and superiorly by those extending inferiorly. Thus, a correlation seems to exist between the displacement of these veins and the direction of tumor extension.
Tumor Stain. Meningiomas of the falcotentorial junction are fed by many vessels from the internal or external carotid arteries or the vertebral artery; therefore, tumor stain must be evaluated based on the entire angiographic study. In the literature, the tumor has been described as a round, well-defined mass varying in stain from faint to dense and in heterogeneity from diffuse to mottled. 1, 21, 25, 26, 28, 43, 46, 50, 53 No pathognomonic features have been identified for this lesion.
Occlusion of the Galenic System and Development of
Collateral Venous Channels. Identifying occlusion of the galenic system and collateral venous channels is extremely important for successful surgical treatment of patients with falcotentorial junction meningiomas. In the eight patients with these conditions reported in the literature, 1, 13, [24] [25] [26] [27] the great vein of Galen was occluded in one, 24 the great vein of Galen and the straight sinus were occluded in three, 1, 13, 24 and the straight sinus alone was occluded in three. 26, 27 The posterior half of the great vein of Galen and the anterior half of the straight sinus are the first vessels affected by this lesion, regardless of the direction of the tumor's extension. Collateral venous channels were reported briefly in six patients. 13, 24, 26, 27 In two of these patients, collateral venous channels appeared to develop from the basal vein of Rosenthal and drain into the petrosal vein through the lateral mesencephalic vein. 24, 27 The superficial anastomotic veins were dilated in two patients, 24, 26 and the superficial cerebral and falcian veins were enlarged in one. 26 Venous channels connected to the straight sinus through the dural sinus in one patient. 13 In an experimental occlusion of the great vein of Galen, Schlesinger 37,38 discovered two types of collateral channels: "intracerebral anastomotic veins" between the galenic system and veins on the surface of the brain and "extracerebral veins" on the surface of the brain. Hammock and colleagues 16 also experimentally occluded the great vein of Galen and investigated the development of collateral channels. After occlusion, they noted the dilation of the major draining sinuses, cortical veins, and the diencephalic and choroidal veins. When the galenic system is occluded, the complex channels that appeared in our patients develop in a variety of combinations rather than the simple channels described in some reports. 13, 24, 26, 27 Among these combinations, the most important ones seem to be from the basal vein of Rosenthal through the lateral mesencephalic and anterior pontomesencephalic veins to the petrosal vein, and the connection between the galenic system and the superior sagittal sinus through the internal cerebral vein or enlarged veins on the medial surface of the parietal and occipital lobes. Although the severity and site varied, dilation of the superficial anastomotic veins was also important in creating collateral channels both in our patients and in several described in the literature. 24, 26 The connection between the galenic system and the superficial cerebral veins may be easily established because of their anatomical situation. 37, 38 Few collateral channels through the falcian vein or posterior venous circulation were seen in our patients or those described in the literature, 13, 26 perhaps because of the difficulties in evaluating these veins on an angiogram.
Veins Draining the Tumor. Three types of draining vessels were seen in the tumors in our series. Only two simple descriptions of the draining system appear in the literature, 27, 46 and both state that the vessels drained blood into the transverse or the straight sinus. To facilitate surgical treatment of these lesions, the collateral venous channels must be distinguished from the draining veins, even though this differentiation is often difficult on the angiogram. Stereoscopic cerebral angiography may eventually resolve this problem.
Surgical Approach
Twenty-one of the falcotentorial junction meningiomas reported in the literature were removed through a craniotomy 2, 3, 7, 13, 15, 17, 21, [24] [25] [26] [27] [28] [29] 34, 43, 46, 50, 53 (Table 7) . Several approaches have been used to remove this lesion: the occipital transtentorial approach with or without an occipital lobectomy in 10 patients, 7, 13, 21, 24, 25, 27, 28, 34, 43, 53 the parietal or occipital interhemispheric approach in four, 3, 26, 29, 46 the supra-and infratentorial approach in two, 26, 28 the infraten-torial supracerebellar approach in one, 24 the bioccipital approach in two, 2, 50 and other approaches in two. 15, 17 The occipital transtentorial approach has been used most often because of the wide operative field it affords. We could obtain an even wider field by opening a large window at the posterior falx, allowing removal of tumors extending to the contralateral side.
The galenic system and collateral venous channels in the surgical field must not be injured during surgery.
Piecemeal resection with a dissection between the tumor and arachnoid layer helps to identify the important vessels in the surgical field. Injury to the galenic system causes severe neurological deficits, including disturbance of consciousness, 10, 17, 30 status epilepticus, 47 visual impairment, 10 hemiplegia, 26, 28 and death. 8, 10, 17 Abrupt occlusion of the galenic system produces venous congestion and hemorrhage or hemorrhagic infarction in the thalamus, brainstem, and subependymal layer. 20, 38 Some authors have reported successful results after occlusion of the galenic system during the removal of various pineal tumors. 18, 30, 35, 47 In these patients, however, adequate collateral venous channels may have already developed and replaced the venous flow through the galenic system before the operation. Odake 26 recommended keeping in mind that, even though the deep venous system is not seen on the preoperative angiogram, it was not necessarily occluded or nonfunctional. Because there is no way to discern the function of the veins seen, every effort must be made to determine the site and degree of occlusion of the galenic system and the development of collateral venous channels on a stereoscopic cerebral angiogram.
Mortality, Morbidity, and Outcome
Four of 21 previously reported surgical patients died after surgery because of consciousness disturbance, 15, 28 pneumonia, 3 or a pulmonary embolism 34 (Table 7) . Three others had permanent postoperative neurological deficits. 17, 26, 28 The remaining 14 patients had an uneventful postoperative course and a good outcome. If the occipital transtentorial approach is used, contralateral homonymous hemianopsia is likely to occur because the occipital lobe is severely compressed. To avoid this complication, compression of the occipital lobe must be minimized.
